T is generally accepted that HFS is caused by compression of the facial nerve (the seventh cranial nerve) by blood vessels located at the RExZ.
T is generally accepted that HFS is caused by compression of the facial nerve (the seventh cranial nerve) by blood vessels located at the RExZ. 6, 16 Janetta and colleagues 11 have reported that myelin defects exist in the RExZ at the point at which the central glial myelin extending into the facial nerve from the brainstem meets the peripheral myelin composed of Schwann cells, the transitional zone. The transitional zone is generally thought to lie within 2 to 3 mm from the site at which the facial nerve emerges from the brainstem. Because the RExZ, transitional zone, and exit point of the facial nerve have not been defined clearly, however, the locations of the RExZ and the transitional zone are reported differently by each investigator. The aim of the present study was to define the exact location of the RExZ, measure the distribution of myelin histologically, and examine the relationship between contact vessels and the RExZ of the facial nerve.
Materials and Methods
All procedures were conducted in accordance with the institutional guidelines of Jikei University and the Tokyo Medical Examiner's Office.
Forty-four brains were obtained during the autopsies of 33 men and 11 women, whose ages were between 18 and 87 years (mean 56.5 years) at the time of death. Our findings were based on 75 facial nerves that had been removed from these brains. The remaining 13 facial nerves were not used because curving deformities were created during fixation.
The calvaria was opened and the brain was removed en bloc. The facial and acoustic nerves were severed at the internal auditory canal. The arteries and veins associated with the facial nerve were counted and their locations were recorded before dissection of the arachnoid membrane. Vascular compression of the facial nerve was observed macroscopically, and the distance from the compression to the most proximal point of the facial nerve was measured. The brain was then fixed in formalin and a tissue block consisting of the facial nerve, associated vasculature, and adjoining brainstem was removed on each side. Each tissue block was embedded in paraffin and serially sectioned. Slices cut through the center of the facial nerve were stained with LFB and PAS. After staining, photomicrographs of each section were obtained and the distribution of myelin was observed. The distances shown in Fig. 1 were measured using a millimeter rule. We defined the exit of the lateral side of the facial nerve from the brainstem as the upper edge of the supraolivary fossette, which has been defined by Matsushima and colleagues 15 as the cavity formed by the lateral portions of the pons and the medulla oblongata.
In this paper distances are expressed as the mean values Ϯ standard deviations. To correct for shrinkage of brain tissue during fixation and embedding, we treated each oculomotor nerve of the same brain in the same way and calculated the percentage of shrinkage. We then substituted the percentage of shrinkage of the oculomotor nerve for that of the facial nerve. (Fig. 2) . The fasciculated shape of the facial nerve and the cone-shaped termination of the central myelin were also visible. On the lateral side of the facial nerve, the transition from central to peripheral myelin began 8 Ϯ 2.79 mm distal to the exit of the nerve, and the transition to peripheral myelin was complete at a mean point of 9.9 Ϯ 3.03 mm distal to the exit ( Table 1 ). The lengths of the lateral and medial transitional zones (where both central and peripheral myelin are present) were 1.9 Ϯ 1.14 mm and 0.58 Ϯ 0.32 mm, respectively. The difference between the lengths of the lateral and medial transitional zones was significant (p Ͻ 0.05, Student t-test for unpaired observations). Thin peripheral myelin covered the central myelin in the proximal part of the lateral transitional zone (Figs. 1 and 2) , and therefore in this part, the myelin sheath of the facial nerve consisted predominantly of central myelin and little peripheral myelin. We did not observe this morphological feature on the medial side and thus a substantial difference in myelin components exists between the lateral and medial sides. On the medial side, the facial nerve strongly adhered to the pons through the pia mater and connective tissue. The distance from the point at which the nerve detached from the pons to the proximal part of the medial transition zone was 0.28 Ϯ 0.34 mm (Table 1 ). In 18 of the 44 brains examined, we found compression of 22 facial nerves by vasculature structures (Fig. 3) . In nearly 80% (17 of 22) of the compressed nerves, the compressed portions were less than 6 mm distal to the point along the nerve that was macroscopically determined to be the most proximal. Because connective tissue was present at the supraolivary fossette and the most proximal part of the facial nerve, the upper edge of the supraolivary fossette was not well visualized macroscopically. The thickness of this connective tissue was approximately 2 mm, and thus most facial nerves were compressed by vascular structures within 8 mm distal to the upper edge of the supraolivary fossette. In all compressed nerves, the lateral side of the nerve was compressed. As a result, in approximately 80% of the compressed nerves, the compression was proximal to the transitional zone. This indicates that vascular structures usually compress central glial myelin, rather than myelin composed of Schwann cells.
Discussion

Root Exit Zone
We defined the site at which the facial nerve exited the brainstem as the upper end of the supraolivary fossette. We call this point the RExP. This point is the most concave area just below the facial nerve around the pontomedullary sulcus. After exiting the brainstem, the facial nerve strongly adheres to the pons through the pia mater and connective tissue, although it is easily distinguishable from the pons. Yoneda and associates 22 noted that the length of adhesion is longer than 10 mm. We call the point at which the medial side of the facial nerve detaches from the brain the RDP. We believe the use of the terms "RExP" and "RDP" in referring to an area of nerve compression is preferable to the use of "RExZ," whose limits have never been clearly defined.
Transitional Zone
Previous investigators have used various terms to refer to the transitional zone, the region of transition from central to peripheral myelin. 3, 5, 10, 11, 18 Because no clear description of the relationship between the RExZ and the transitional zone has been published, these terms have often been confused with each other.
We defined the transitional zone of the facial nerve as the region where the myelin sheath is composed of both central glial and Schwann cell myelin. We found the medial part of the transitional zone to be shorter than the lateral part. This observation has not been reported previously. Skinner 19 observed that the oligodendroglial dome of the facial nerve extended as far as 2.6 mm from the plane of the nerve's superficial origin. Adams 1 reported that the transitional zone is only 1 to 3 mm in length, a range that encompasses the value we obtained in the present study (1.9 Ϯ 1.14 mm). The distance from the RDP to the most proximal part of the transitional zone on the medial side was 0.28 Ϯ 0.34 mm. These points are therefore very close to each other. During surgery, the exact location of the RDP could almost always be determined if a mirror or neuroendoscope were used. This point should offer a good landmark during procedures for HFS to locate the transitional zone.
Vascular Compression of the Facial Nerve
Many researchers have investigated compression of the facial nerve. In patients with HFS, areas of compression correspond to the transitional zone, 7, 19, 21 the anterocaudal RExZ, 7 and the most proximal part of the nerve. 17 The location of compression has been reported to be within 3 mm of the brainstem 1, 12 and within 5 mm on either side of the RExZ. 4 In autopsy cases, Stibbe 20 reported that arteries in patients without HFS did not attach to the proximal part of the facial nerve. Conversely, Matsushima, et al., 14 reported that an arterial attachment at the RExZ was evident in 69% of patients without HFS. Clinical records for the patients whose brains were examined were not available and thus we could not correlate anatomical changes with symptoms that had existed during life. Nevertheless, the annual incidence of HFS is only 0.74 per 100,000 men and 0.81 per 100,000 women; 2 it is therefore unlikely that many of the brains we examined came from patients with HFS. Our study of vascular compression of the facial nerve was not conducted under conditions in which the cerebellum was located within the cranium; our model could not represent vascular position and compression with perfusion, and thus some differences between live conditions and our own results might exist. Regardless, it is possible to say that in more than 80% of our cases, vascular structures compressed the central glial myelin and not the peripheral Schwann cell myelin. Jannetta 9 has commented that some areas of the facial nerve strongly adhere to the pons from the pontomedullary junction, and vessels compressing the brainstem in this region are a frequent cause of classic HFS.
Our study was conducted using material obtained from random cadavers. Next we will focus on the autopsy specimens obtained in patients with a history of HFS. First, we will inspect electron micrographs of the compressed portion of the facial nerve transitional zone for demyelination, regeneration, and other processes. Anatomical changes may be present. Second, we will estimate the lateral transitional zone by observing the RDP during microvascular decompression, a procedure widely performed to treat HFS. 8, 11, 13 We can then determine whether the transitional zone coincides with the portion compressed by the vasculature.
Conclusions
In the lateral portion of the facial nerve, the transition from central to peripheral myelin occurred between 8 and 9.9 mm from the upper edge of the supraolivary fossette. We propose the use of the terms "RExP," "RDP," and "transitional zone" instead of "RExZ," which cannot be well defined. By determining the RDP, the transitional zone can be accurately located. This point should offer a good landmark during microvascular decompression.
Further studies are required to ascertain whether the compressed area in patients with HFS corresponds to the transitional zone.
